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Abstract 

Background: Par j 1 represents a major allergenic cbm- 
ponent of Parietaria judaica (Pj) pollen, since It Is able to 
Induce an immunoglobulin E (IgE) response in 95% of 
Pj-allergic patients. It belongs to the non-specific lipid 
transfer protein family, sharing with them a common 
three-dimensional structure. Methods: Disulphide bond 
variants of the recombinant Par j 1 (rPar j 1) allergen were 
generated by site-directed mutagenesis, and the immu- 
nological activity of rPar j 1 and its conformational mu- 
tants was compared with the use of the skin prick test 
(SPT). The ability to bind IgE antibodies was evaluated 
by Western blot, ELISA and EL1SA inhibition. T eel! reac- 
tivity was measured by peripheral blood mononucle- 
ar cell proliferation assay. Results: The disruption of 
Cys14-Cys29 and Cys30-Cys75 bridging {PjA mutant) 
caused the loss of the majority of specific IgE-binding 
activity. Additional disruption of the Cys4~Cys52 bridge 
(PjC mutant) and the latter Cys50-Cys91 bridge (PjD 



mutant) led to the abolition of IgE-binding activity. On 
the SPT, PjB (lacking the Cys4-Cys52 and CysS0-Cys91 
bridges) was still capable of triggering a type I hypersen- 
sitive reaction in 9 out of 10 patients, and PJA In 3 out of 
10 patients, while PjC and PjD did not show any SPT reac- 
tivity. All the mutants preserved their T cell reactivity. 
Conclusion: Recombinant hypoallergenic variants of the 
rParj 1 allergen described herein may rep resent a useful 
tool for improved immunotherapy. 




Atopy is a genetic immune disorder affecting an in- 
creasing number of people living in industrialised coun- 
tries. It is characterised by a group ofdiscases with differ- 
ent severity, like seasonal allergy, atopic dermatitis and 
more serious conditions such as anaphylaxis. Immuno- 
globulin E (IgE) antibodies represent one of the main 
actors in this reaction, since the cross-linking of mast cclJ- 
bound IgEs by allergen leads to the release of inflammato- 
ry mediators responsible for the immediate allergic reac- 
tion [1]. In addition, IgE antibodies have been shown to 
be involved m the uptake and presentation of allergens by 
antigen-presenting cells through their high- and low-affin- 



ity receptors [2-4]. The capture and processing of aller- 
gens by surface IgE seems to be a crucial evens even in the 
determination of the profile of cytokine production by T 
helper (Th) ceils, since a report suggests a different route 
for non-fgE-binding variants of allergens [5]. In this sce- 
nario, the design of genetically modified hypoallergcriic 
variants of allergens with low or absent IgE affinity has 
been evaluated as a new strategy in the development of a 
more efficient and safer allergen specific immunotherapy 
(SIT). 

SIT has boon shown to be the only treatment effective 
in many clinical trials [6], Successful immunotherapy is 
associated with an increase in IL-lO production and a 
decrease in the lgE/IgG4 ratio in. bee venom, grass pollen 
and house dost mite immunotherapy [7-9]. However, 
commercial crude extracts arc usually a partially purified 
mixture of proteins whose allergenic components are dif- 
ficult to standardise. In addition, their administration to 
patients can lead to sensitisation towards new allergens 
and, rarely, to dangerous anaphylactic reactions. The use 
v -l recombinant DMA technologies ha allowed the isola- 
tion pi, \r*\ ssH it ofm i ilk i t ind their in ua n 
< gic >' eharai te.»,-n J > n suggests that ihu n,uh. be u ei 
,\, sub I ti'«es lot lativc . «tmr C | i ts [sec ui. 10 lb ; 
review]. 

Pollen allergens are usually low-moleculnr-weight pro- 
teins capable of inducing JgF, production by B cells. In 
particular, Parkwia judaka (Pj) pollen represents one of 
the main sources of allergens in the Mediterranean area 
[1 1 J, and Pj IgE-spceific antibodies-have also been de- 
tected in certain areas uf southern UK. America and Aus- 
tralia [12]. The composition of allergenic extracts of Pj 
pollen has been extensively studied, and the two major 
: Ilergen: and isofi rms have been cloned and immtinoh gt- 
cally characterised [13 I' 1 I'heParjl 1102 m slecuk is 
,i ,nvi- icki h\ unw,th 1 37-am H) ack >'H ter- 
minal dgnal puptidt giving t 139-amino ttcjd mature 
processed protein with a deduced molecular mass of 
i 1 400 D It is an ttj< ralluigen, ;ince >( inJu.' > a response 
tn >5 s r Pj-ull t l ic patients, ; ig the i .< oi ibh i rt pro 
tern produced in Kschcmhib co!i shows a pattern oPreue- 
iun similar lo the n < b counterpart [17 *h „Q 
quence analysis wed a hod eve! f homology with a 
a lily of pi int pi t; int aa ned ,nw specii t lipid t imsfe 
prot i (nsLTPs) 11 thci ttbilil* to transport ! id.-, 
througli the membrane in vitro [21], \ three dimensional 
model of Pitrj i ha I cm oposcd by structural homolo- 
gy with the soybean nsLTP, showing an a-a-a-a-fJ struc- 
ture with lour disulphidO brides niJcessaTy for the correct 
folding of the protein, according to the invariant order 



%s4-Cys52, Cysl4-Cys29, Cvs30-Cys75 and Cys50- 
€ys91 [22 J. The same study reported the mapping of a 
conformational B cell epitope and the importance of the 
cysteine p urii gin the fo mat ion pf an iinmunodon i lant 
IgE epitope [22]. 

Starting f> m these observations wedecid d to test the 
ct it rib it ion < ('the foui • 4n .hid, bond; u f h< allergc 
nicityoftheParj 1 protein by designing genetically modi- 
fied molecules with reduced or absent ability to bind IgE 
in order to develop new strategics for improved SIT, 



Materials and Methods 

Site-D t'dMimgi'm 

" 1 clone » b I iU ys 1 J 102 allergen, w 
generated by polymera c chain reaction (PCH) amplification of « 

UicPii .CMJJI ie e io mwmu .nV I] t in 
conditions: •. >V C m I nm. 52°C Km I oii.i and 1 V'C I'm I min for 
30 evdes u ,ing tine primers 1*5 forward (mapping from mid K«ide I 
tn nucleotide 21; 5' ATTgga tec CAAGAA ACCTGC GCG ACT 
/•.TO" 3'j and P5 reverse {mapping from mtcteolidc 405 to nucleotide 
42.1; 5' ATT nag ctl GGC TTT TTC CGG TGC GCG 3') {lowor-easc 
ialifiin indicate the restriction eir/.ymc situs used for cloning). The 
PCU I'mgment was purified, digested with /toi/H I and lUnti HI 
r ictioncn/y t.-, .ind j nc I p oOl Vvniur'Q.1 <.nipi viously 
t i. lid vi i « a n '/iv , ( in, P * n i it, 1 '-^ r f ' 

< * » b n r v j d i i iwTmnsfom On*. 1 1 

get kit (Cioiitct I l( die (ht. i>nuii(kii'«fi n> Utuih 
and lisint tl l. >h j iJu dc (ill mime fro i nudentid W S 
uclu tide M 5)5 (. cr, ACe'ftCC \GCC"Cr( r 3 {hcid cue* 
i .drt uc ih inuiaiwl nudum ides} and the Par j 1 s< nciu»a» *- i 
Pfcnc. PjU mwant (t'ysStMSsi and Cy.sS2->SisO w.« gencnttrtl 
t I ' ' i n tl ti i " c 52) s i| | li ii l i L i ^ 
n cten <k iftS 5'CKiT Ciel gei gG6:G G< .AAA G.' J fGG 
AC'G tiCiG \GA C OA AO , CGG GGC COr. AG A C.CSGTGC 
'.'Of \G Ci fiAGl \ IC V,?!,.!^, vcisc-nBonudcolidu 
r I ndi i 4 f tempi (I -v < I i idicn 
( c mi n i i , it num u h -i I* n d i " 
nuiUUed nixlenlidcsj t't-itl i>i£.«i'i j»i digested with ftr/ 1 
Wad HI re ictioi cir/,ym ,i-J <£tu I * lS > ti wt ii: 

1 c i 1 1 ii eel oiitaiui ir'hcPn j a] u ( vpi n t 
Hi v* V nnv i^it in tl-cwi' it pi"' 1 ^W>2 Jt u n) T ! i. 
Pji " muumt (Cys4-*Scr. Cys2y~>Scr!iiirJCys30-)Ser) was generated 
i.v PCU aii>< i|K.iin.uiti-,r 'In- ) i \ /in n i ,i h t, ni' ir.tt, rhc cys- 
teine .residue at pflsiti 4 wa mot ted > *> ». u nu il 1 eUj-i- 
,ui!t nil! s PS(ti-iplc) (mapping from huek » idt 1 to i oii ie i i 
r < W tceCAA< A A( ?A' c rc \C 3'} I P r 
i \ I ili I thv (.1 ictl r ndi i 1 1 Usui t 
, used ■ '< n ng tid 1 ct'J i IUf> id ,» lie rn til d nticl i> 
ti 1 dCi, ruin - in it ! <"> ,t,<T>>: i-> giiSLcdwitlWit/; 
ind / r' ii' ci! > l ,nd ul. .-J l s JE3 > vc toi |» :vk i K 
i „r- k! with tb' 1 Liiiv restriction ei ymes H < jP mutan 
C 29-^Scr, Cj 0->S< CysSO Senniid Cys52-sSer) was gertei 
atcd us-ins the Trans Sbtnier Site-Directed Mutagenesis kit (Clonlech) 
foISowing the manufacturer's instructions and using the synthetic 
oligonucleotide (mapping from 'nucleotide 88 to nucleotide 105) 
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Fig. 1. Schematic representation of tin; wiid-type iPar j I allergen 
and its four disnlphidc bond variants, ic. PjA (lacking Cys i 4-Cys29 

nd Cv *0~C t ?r b i iM f B j < g 5G.-Cys9l d Cys4 
r> ;52 bonds), (lacking C> 1-C 52, Cysl4-Cjs29 wt! Cv 3 I 
Cys?5 bonds) and PjD (1 ieJ» i Cys4-Cys52, C«i4-'%s.'9 '"si"- >- 
r -r s lit ') > C J (. » r tes cysteine residues and 

he subscript unr-u„ mi. • their pQSitu on the ttid !v 
se ,uri>te, S hidicatc Set "> s Sulk t; " ic iron/. bi<- 

r>nw l ; w<joeT-"s imii & i! ~c >. ol <i sc plnr - r>iid f a> 
according to" the following order: Cys*-Cys52, Cjfst4«Cys29. 
Cys3D-Gy S ?5,Cys50-Cyi9l. 



5' OCG AGC ACC AGC CGC C!CC 3' ; <bold letters indicate Die 
mut neO tucteoudes) and the PjB vnriani as a icraplatc All clones 
v. c s u n~s.c r iti, , ng :ii tin h u < Sang r € at [23] *<> J the 
inu'i'to, and 1 i open i dineumnit o uJiintW Re it 

I J ' i R i r t « 

riiereeombinc.nl li » es (NM 15 sir« i n , Qiagen) were gicayi uw 
night i; 2VT broiit (Orscte-tryptoric !t.fe\. Bacto-year.! 10 gri, NaCi 
!5 g'i. pH 7.0). A : i MO dilution: was grown For brr r,r 37 5 C and. alter 
that .nauu-d Ann i mri aprapylijijo-jHnlacfosidcfoi ,'i.ir r 
( V hi vcic harvested by ccntrifugatii .u ii! t icreconiMi m tprot ii : 
v( i pu lien i st ei ! rTi<"> it(P) >n i a) oil vrn It in, i i- 
r u t r's nslractic P jmbircuit piot i mi dii g '(it HiTr , 
JtVi g« tiini yvorechitcd using a baric containing 20 mjl/phos 
phaiebuf i H 1,0,5/.-/ !aCI area and 500 mWimit / 1 
) i'iib *c;jh < s i 1 h v i t r n P^PaGL and Coon . i brilli it 
blus staining Fraction c itaining "i purifi t.- ,n" ver< j i 
i ut d A 0 ' Lnt >i i m i > i f ?t i t- u fi i rn 
7.4 f^iU NaO ana 0 mM imidozolo t< all w refolding of the pr 
tcin, t eloudcd on the HiTrap column and doled with a burTcr with no 
d tnatu ring agents (20 m M phosphate burTcr, pH 7,4, 0.5 iW NsCI and 
500 mM imidazole). Recombinant proteins were then desalted using 
a centrifugal filler device (Ccntrtprep, Millipore) and analysed for 
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Hr ' Lib dctec >i. tfi an \\ tern bh i 1 ' siSM,< in 
the Igl ^lndln^.^^t^\ b'-ffPa' i 1 and ttsdixuii Hide bun vn-. uiL 
i- igapoo i ia(n = 30) iVom monosen tive Pj-alleri ft „i 
* i n I in jcctwafctcstct meg cuintnil IkELISA 
C CoohiKSss brilliant blue steining of the rccombiiwm protein:; 



■ en it Hi <„ i i v uin inlgGI W\ 'i ilergi palieiUsl Wt em 
blot, as previously described [22]. After tliau inemh nines were 

tripped nd reprote >vi h.i A[itt t pcji t rc i.N' >'\ t| s 
probe-HRP, fierce. USA) k tluit the leE-uller ui implex s 
specific foi 'h' on bihnm fu u, proteins lb et ik.'s ration i'l . 
i com n.'ii' pi ieins was del >>o ^ ! bv t 1 ^ ritoinelric ;i v i t 
SDS-PAGE eels sitiined wiih Cnomassic brilliant bine {% 2C). 

liWA Ik'IMiOll 

EL1SA dctccliort was pcrlbrracd by adding 200 pi of u solnlion 
< jut,f Tirp 5 i> L j if nl j." gen in coating busier (sodium eartwr) ilt 
' nit pH 9.5) to en II f 1 r 1 t/ivii pi n iw ■ ! room 
tenipci i' i evcralwash ngslep i 1 > H'> 0. 1 %'fwuen 2 
Ihe plates wore stttnrated with a solution containing 5% liSA and 
0.5%Twecn 20 in coating buffer. After washing, 200 pi of serum (1/5 
dilution] flora Pj-allcrgic patients or from a no:i-uiJcvg!C subject wetc 
incubated for 4 li at room temperature, Bound igE antiliodies were 
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detected wills n goal ami-human JgE-HRP conjugate [Biuswinx 
International) diluted ai a cimeentraiion at 0.5 tig/ml ir» I x PBS, 
0,25% USA wui 0 (% ['ween 2,'. lot J h at mom temperature. Alter 
several washes, colorintctrw reaction was developed by adding 
i/wci! iu r 4 uil cntd 

1 citrate! iflcr) >piwal density was end ai 4-*' i a in t 1 
RAD mieroplaie reader. 

i i 1 t ere imnum ! hi 'RJMM rMMil 1 inly) u tig h 
reeombman J a HiTai [) allergen. As a control, rabbit polyclonal 
mtihinlii c rtiiil i a Western blot mine, a Pj crai ttfaet 
delecting a bund or about 1 4,000 D, eowspondisig to the Par j I 
rtdi \ mileeulai weight (dattu it htw.d EUSA plat ere coated 
at the s urn etiod lour e ol iko il i ve Rabbit ph j n mine a d 
immune era were diluted al a ameem stioiutf't jig/ml and 200^1 
ol' tliese solutions were incubated al mom temperature for ! li. Wells 
wer HI clime I MuiMi ~ 2b .1 bm 
imir. i . Uhi Uim i f » i ( ,ir it t'ltflu 1 
(Amur ham) at u dih lion ol 1/1,000 Development ot'eoi. rimeiric 
nsHkH! and measurement of optical density were perforated as 
described above, 

tyE tnMtUiim Axxtty 
k at tity ol lb Par j i <! suli 1 idi • irii si < kwi u will Igl 
j'j'MXHlte' w. determined b> an Ei IS\ , ,1 ibition experiment A 
' "I "I m(l.^ dilution) rrom lOmimoscn live Pi-nllergie patten 
was pre-incubated overnight with increasing eoneonlrations of each 
disulphide bond variant (0.25-2O pg'm! ol' protein). The solutions 
were added to the HUSA wells coated with 5 mg/rei ol'rParj ! and 
!lu liIJS/i pswerei rib mcd its described above. T percent gc 
inhibition wits calculated according lo the following formula: iithihi- 
tlon{' i)>= 100-OIVODi, > NH.wiO^wHDi,' present 
the luteal density read with lite inhibited and: non-inhibited pool of 
^n^respeeiivety. 

fttihntx mid Skin i'rkk V '«/ 

Ten patients with n clear hisuny oi'Pj ulieisyimd with skin jwiefc 
lest (MPT) moiKwensiiivity in Pj commercial extract were tnvcsli- 
KH ed in this study None n! the patients receive I immunulhcrapy 
against Pj pollen and none were reveivmg gltieoctsrticustci'oid tnai- 

ni. All s s used in. ik i n< n \ nd dil n< d it 
0,0% wi,ci. About 2!) ul «T the test solution was placed uii die 
paliiai'slbft trm.with a distance of more ha 2.5 em between each 
in dl iolsweie] i! i ni :d it d plictut Histamii was used 

s i il» u 0 ! 1 r 1 \ I 'It i > i s nt,i w ittro 
lions were measured after 20 min l)y eimipnrispn with the wheal 
He a 'J* in i dli)! 1 pus iveSPTsv a.u inl 
three elassi ,+,„,, iigned to SPTswith an area is O'K. of die 
treaii Sliced by histamine i vtis assigned o a- in re a BO 100%, 
and 2-t loan urea fe5U~8l>% Iw non-allergic subjects (KC, and 
IXO.) were tesicU nugtit senm I l-achsubj twin librmedhy 
die ia* tigaioismi ngned a n/'onned eonsetiL before the; test. 

/ llifaim miuctem '> >«< <ti /I.v.i 

i i r ) il'eralioi s pit Iwi il blood nu uelea 1 
t <f;MC\> from ^ p ttknif ailergk lo Pj pollen were; cultured in iripit- 
eale a l 'I x lir 1 ecilw'well in 'Jfi-wull Hat-bol om ( ulturc pi tips (C > 
star.t libridj s SA) in a volume ofJDO n i i j ! 
the To i .i it iL'i nuil it 1 - wen aeord to fie otitis v mc um as 
antigen it act teemratktn ol'j >" nl o tiov. v."o pulsed dti ? 
d n so Mi fit t 1 1 l ■ i 0 i c v 1 i \ t us' i 



PlianiKicja Biotech, Uppsala. Sweden), and cells wore harvested ifi h 
later on mierobcta filter nans using a Wi-weil cell harvester. ['HJTiiy- 
midine incotpo ration was raaisuied using i Mierobcta Sciuiilla;io:i 
Co'.mtcr(EGiiG WtiliacTarku, Finland) Thcstimylr.tion index was 
calculated as the quotient ol' the epi'a obtaiucil b\ allcigci' stimala- 
lion and the epm obtained in unstimulated ei Itures (medium alone). 
The statistiea! sifinifleanee of dillerences was evaluated using the 
Wilcoxon signed-i-niks test 



Results 

Expression and Imnm ogieolCt wkrbalionaj 
Disulphide Bond Variants of the Par] 1 A (l&gen 
Data previously published by our group demonstrated 
the im portttnee of the four (iistilpbide bridecs in tilt; three- 
dimensional structure of the Par j I allergen and the 
importance of the Cysl 1-Cys29 bond in the Ibrmatioi 
an immunodominant IgE epitope (22J. To understand in 
more detail the rob of the cysteine residues in the interac- 
tion with the IgE, serine substitution on residues 4, 29, 30, 
50 and 52 was performed. Using this strategy, we were 
able to generate four independent mutants; the PjA mu- 
tant lacks the Cysl4-Cys29 and Cys30-Cys75 bridges; 
the PjB mutant lacks the Cys50-Cys9 1 and Cys4-Cys52 
bridges; the PjC mutant lacks the Cysl 4-Cys29, Cys30- 
LiS>i> C ^~C; >S: utsi-h, rnu the P D mui mt 
< ill t it K jnl t >s0> t O ' bo \ tU a"d t«'aij 
allergens wore expressed in a prokaiyotic vector contttin- 
m_ S i hi it£ kn m I'i alien atiJ their immunoiogtcal 
at t icy wa c kiated b W.v «,) jloL ot i 0' SI - 
PAGE i>d rising a pool ol sera (h = 30} from Pj allergic 
p cn aa had not re i ei) i "i r Tb i 
sno-v ! that ' i • PiP n n'r.ni «,is si li capable of hi xim« 
huoi:^, i-]E while tlie PjA mtttaiu retains only we:ik igE- 
bi.i ling aetivi r 'ji \ J ijO , t iun d i not h 
any IgE-birsding activity, suggesting that IgE rccogniLL 
was dependent on the three-dimensional folding of the 
protein (fig, 2B). The same pool of allergic sera was used 
in an ELISA experiment, showing the same pattern of 
reaction observed in figure 213 with tlic PjB variant react- 
ing as (ho wild-type allergen. A non-altcrgia serum is 
shown as a negative control (fig, 2A). 

Reactivity of Purified Parj i DMphkle Bond 
Vanamslo IgE from Pj-Ailer&ic Patients 
The IgE-binditig activity of the four Parj 1 disulphide 
bond variants was tested by ELJSA using sera from 10 
monosensitive Pj-allcrgie patients. Analysis of single sera 
showed a remarkable homogeneity of the reaction. In par- 
ticular, the Cys4~Cys52 and CpS0-Cys9i bridges did 
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irj 1 PJA PIB PJC PJD 



rPafj-l PJA PJB PJC PJD 



Fig. 3. EUSA detection oftl-.e rgE-bmding- 
activity of the rPar j 1 allergen and itsdisut- 
phidebond variants using 10 monoscnsilivc 
sera troni Pj-allergic patients. Black squares 
indicate allergic sera; white squares indicate 
a nan-allergic scrom. The y-axis indicates 
optica) densisy. 



rParJI PJA PJB PJC PJD 



rParjl PJA PJB PJC P|D 



not influence the aliergenicity of the protein, since this 
mutant (PjB) showed art IgE-binding activity comparable 
to the wild-type allergen. On the other hand, the Cysl4- 
Cys29 and Cys30-Cys75 bridges seem to be crucial for 
JgE recognition. Ail the variants lacking those two bonds 
(PjA, PjC and PjD) presented low or even absent IgE- 
binding activity (fig. 3). 

JgE Inhibition Assay 

In order to investigate whether the disulphide bond 
variants were able to inhibit the binding of the IgE to 



rParj 1, increasing amounts of each recombinant mutant- 
were incubated with a pool of sera (n = 1 0) from monoscn- 
sitive Pj-allergic patients. The data reported in tabic I 
suggest that all the variants lacking, at least, the Cysi4- 
Cys29 and Cys30-Cys75 disulphide bonds exhibit a com- 
parable low level of inhibition (about 15%). In contrast, 
the PjB variant (Cys50-*Ser and Cys52-*Ser) showed a 
high percentage of inhibition, retaining, a substantia) abili- 
ty to bind human IgE (about 85%). 
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Fig. 4. EL1SA detection of the rg-bindiug activity of rabbit polyclo- 
nal immune and prc-iminuik antiscra against riParj I. The antigens 
used were the wiiii-lypt rl'arj I allergen and its disulfide bond vari- 
ants. 
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Tnblo 2. SPT results lor rPnrj 1 and its dknlphidc bond vn 




Patient 


rParj I 


PjA PjB PjC 


PjD 


1 

2 




*+ +++ 




3 
4 


++•?+ 


++•+ 
++++ 




5 


++*+ 


++ +++ 




6 




+++ 




7 




+-H-+ 




8 




++ +++ 




!> 




++. 




10 


+++ 


++ 




P.C. 








D.G. 









Rabbk Polyclonal Binding Activity 

ELISA plates coated' with wild-type Par j 1 and an 
equal amount of each recombinant dtsulphide bond vari- 
ant were probed with an anti-rPar j i specific polyclonal 
serum to analyse their binding activity. The data obtained 



suggest that the PjA, PjB and PjC variants show similar 
behaviour, exhibiting a slight reduction in their binding 
ability (about 10%) compared to the Par j t binding. The 
PjD variant showed reduced binding activity (about 
20%), while (he pie-immune scrum did not show any 
reactivity towards the proteins (fig. 4). 

In vivo Reactivity of the rParj I Disulphide Bond 
Variants 

SPT was performed on 10 Pj-monoailcrgic patients 
who had not received SIT. All of them showed a positive 
cutaneous reaction to the rPar j 1 allergen. PjB was capa- 
ble of inducing type I immediate hypersensitivity in 9 out 
of the 1 0 tested patients. PjA gave a positive reaction in 3 
out of the 10 patients, and the wheal areas induced by the 
prick were reduced in size compared lo those trigger'- ' by 
the wild-type allergen. The PjC and PjD variants diu .iot 
produce any SPT reaction. No reactions were observed 
when non-allergic subjects were tested {table 2). 

TCclllii'spame of the rParj I Hypoatiergehte 
Vaiianls 

PBMCs from 9 allergic patients were able to proliferate 
when stimulated with Par j 1, giving stimulation indices 
s 2 (considered as the negative cut-off) and ranging from 
2 to 23.5. Background proliferation in unstimulated cul- 
tures ranged between 140 and 517 cpm. When the four 
variants were tested as antigens, T ceil reactivity was con- 
served in all the molecules. In response to the four 
mutants* PBMCs from 8 out of the 9 subjects gave stimu- 
lation indices higher than those obtained with the wild- 
type allergen. Stimulation index; values for the 9 individu- 
al subjects arc shown in table 3. The increments induced 
by PjA, PjC and PjD (p< 0.02) arc statistically significant, 
thus indicating that the T ecl! reactivity was posi' ty 
affected by the loss of the three-dimensional ibid ingot the 
protein (tabic 3). 



Discussion 

Atopy is strictly correlated with the development of 
highly polarised Th2 cells characterised by IL-4, 1L-5 and 
1L-13 cytokine production that induce B cells to switch to 
lgE production and promote the maturation, recruitment 
and activation of eosinophils. 

SIT consists of repeated subcutaneous injections of 
increasing doses of a specific allergen, leading to a reduc- 
tion in cytokine production (tolerance) or induction of 
'immune deviation' from a Tli2-likc to a Thl-likc envi- 
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Table 3.PBMC proliferation assay 



Patiem 
No. 


Unstimulated rParj 1 
cultures, cpm 


PjA 


PjB 


PjC 


PjD 


t 


143 


23.5 


39.4 

4& 


41.3 


32.6 


57.5 


% 


140 


m 


319 


•2.9 


34 8 


3 


154 


Il.O 


34.9 


17.9 


14.1 


!9.9 




270 


9.6 


13.5 


4.7 


10.2 


15.9 


5 


517 


9.2 


12,3 


15.5 


15.3 


I6.S 


ft 


141 


3.6 


5.7 


3.S 


6.i 


5.1 


7 


158 


7.4 


23.2 


S7.S 


15.« 


15.3 


S 


m 


3.9 


13.3 


9.7 


6.5 


13.7 


9 


271 


2.0 


15.3 


4.6 


4,0 


16.6 


Mean 




10.7 


21.9 


16.8 


15.2 


21.7 


SEM 




2.4 


4.8 


4:5 


3.6 


5.2 



1 erftSulES 'i-nnt limulati i indices ^ eps^ c e >nd> ated 
otherwise. 



ronment. Many reports have focused their attention on 
the molecular even ts involved in this transition, irtctudiag 
the " -allergen .concentration [24], types of antigen-present- 
ing ceils [25], the three-dimensional structure of the aller- 
gen [5] and IgE-ailergen interaction [3], Currently avail- 
e f It ;>Aiiui nil gj SH is I a.u on crude pro , n extracts 
purified from the allergenic sources, which is associated 
with the risk of anaphylaxis and seositisatiou to new aller- 
gens. For these reasons, Marsh et at [26] already intro- 
duced chemical polymerisation of {he allergens to pro- 
duce molecules with a reduced risk of inducing systemic 
reactions. Their safety has been tested in animals [27], 
showing the efficacy of this treatment, which has been 
attributed to the reduced IgE reactivity. Moreover, chem- 
i if modifies tions cf i d< • >c st.it rep e e t pi. 
lems in terms of the standardisation and purity of the 
extract, 

Tii AT-e.^rn it o i coi iDmcii' Di-h*- tc tio'oj, 
allowed the solation mdcltai cterisatibn of recoml ti i 
allergens with immunological properties similar to. their 
u vecou tt [ rts ii«t fa r tse m c ! j bealat mark in 
the design of new molecules for improved immunothera- 
py. A new strategy may be represented by the use of high 
doses of hypoallcrgenic recombinant molecules with no 
risk of side effects. In fact, a high, concentration of allergen 
seerns to modulate the T ceil cytokine pattern of reaction, 
favouring IFN-r production and decreasing IL-4 induc- 
tion [28]. In addition, a Study has reported that changes in 
the conformational structure of an allergen leading to 
non-lgB-binding molecules will activate an uptake of the 



allcreen by a different type of antigen-presenting ceil than 
B cells t i in tog bali ice HiO-t r il ii t - 
kine production with a decreased IgE/lg04 ratio [5], 

•DifTcrent approaches have been proposed in the :it- 
r r ducc llcrgeni . - h redact ilei 
n ici z 33] p a , [ 010 n d P > 7 0 i I opt nt h 
tv. p aliei vnK - h poncnts of l J j pollen nding 
most of the Pj-specific IgE from allergic patients. They 
show relevant homology at the structural level, since they 
belong to the same family of proteins, named nsLTPs. 
fhi t iimensiooai modelling by homo! g) allowed us ei 
identify the overall structure of the Parj 1,0 1 01 allergen 
{similar folding has been shown for. the Par j 2 allergen 
[Kennedy, D., pens, commun.j) [22], In addition, Pj major 
allergens have been shown to exhibit IgE determinants 
spft dallovei he mol • ulc with ; i eterog icons patte . 
' frecoj \ tion by ir Ji«ilt.J pa tents [34] 

For these reasons, we decided to target disuljjh'fdej 
bridges, and dcvclopec ei family of lull-length three- 
dimensional mutants or the rParj 1 allergen. In vivo and 
in vitro analysis showed that IgE-b n"int? rccognil <>n is 
dependent on the three-dimensional structure of rPfir j i. 
In particular, site-directed mutagenesis showed the rele- 
vance of the Cys 14-Cys29 and Gys30-Cys75 bridges {PjA 
mutant} in the antigcn-IgE interaction. SPT, Western blot 
ind EI FA showed s remarkable reductit n in i. 1 lllei 
genie activity P A showed very luv IgC tuidi. gni iv sj 
and only 3 out of 10 patients had cutaneous type J hyper- 
sensitivity and a . reduced wheal area compared- to that 
induced by wild-type allergen. In contrast, loss of the 
Cys50-Cys9t and Cys4~Cys52 bridges seems to have a 
ninimal effect since t 1 np bn ding a vit mil 
positive SPT were still present. This behaviour was ob- 
served when single sera o. a poHed scrum (n = 30} were 
used. Similar results were shown by El .ISA inhibition, in 
which PjC was the only variant able to bind ti large 
amount ! r ai < i f ccifi 1 k in! m <is^ in s il 
while the other vtrriiiiA exhibited M low inhibition 
or < tv tabl ! The loss o add tit uil Ii uh I, I 
bn Sges <PjC and PjD) leads to the absence >fanv PJ ree- 
• gn ti i or e ih^un'sruict on J-p ?., table 2) 

\a initial conclusion, it can be statu th changes in 
th t i rmatio! cTih rPa j !- allergen nllucnced Uic 
iCt i topi h, tureofth protein, aatfi ling, by dil < 
-lit* cltnifjucs im, "tp^it it cbfdi.scuilti uous epitopes 
u the allergenic! yof Pai j i *>ye ck^, I te ducti i 
in the allergenscity did not influence their overall antige- 
nicity. Using a rabbit polyclonal scrum against rPar j I, 
we compared the antibody binding activity of the wild- 
type allergen and its four variants. The hypoallcrgcnic 
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variants generated by genetic engineering presented simi- 
lar behaviour with a low level of reduction in their bind- 
ing activity towards the anti-rPar j I rabbit antibodies. 
These data suggest that these variants still contain several 
protein domains similar to the native molecule aad, theo- 
retically, that they should beabicto induce the production 
of IgG antibodies. An increasing body of evidence has 
shown that the induction of antibodies ofigG isotype may 
be crucial for successful SIT. Such blocking antibodies, 
which bind allergens, would prevent IgE production or 
suppress IgE-mcdialed presentation of the allergen, thus 
reducing T cell proliferation and the release of cytokines 
[sec icf. 35 for a review). 

fn fact, T lymphocytes are the key clement for the 
induction and maintenance of IgE production. The use of 
allergen-specific T cell epitopes in therapy has been tested 
in mice [36] and humans [37], which showed that the 
administration of dominant T cell peptides leads to toler- 
ance. Even so, in atopic patients, T cell cloning studies 
displayed individual reactivity to T cell epitopes [38], and 
then the vise of a single linear peptide may not be repre- 
sentative of the population. The use of full-length mole- 
cules should avoid this limitation. For all these reasons, 
we tested the Par j 1 allergen and its conformational vari- 
ants by PBMC proliferation assay, and demonstrated a 
retained T cell reactivity with higher stimulation indices 
compared to the wild-type allergen, probably due to more 
efficient antigen presentation after the loss of the disul- 



phide bridges [39]. In particular, the disruption of the 
Cysl4-Cys29 and Cys30-Cys75 bridges in the PjA mu- 
tant exerts effects comparable to the mutant lacking all 
four bridges (PjD), suggesting that the region associated 
with those SH-bridges contains crucial epitopes cither for 
antibody induction or T cell recognition. However, the 
mutated allergens maintain most of the T cell epitopes 
required for the modulation of cytokine production. 

The strategy described herein is independent of the 
epitope sequence in itself, since it is based on the modifi- 
cation of the three-dimensional structure of the IgE deter- 
minants. For this reason, it is feasible for all the proteins 
with allergenic activity belonging to the nsLTP family 
(e.g. Par j 2). In fact, nsLTPs are a family of highly struc- 
turally correlated proteins which can be isolated from a 
wide range of plants [21]. Some of them have recently 
been identified as allergens in pollen and plant-d 'ed 
food [40-43], so the disruption of the tertiary structure 
targeting the disulphide bonds should be considered as a 
strategy widely useful for all the allergenic members of the 
nsLTP family. 

In conclusion, we report the immunological character- 
isation of a family of hypoallergcnic molecules showing 
reduced allcrgcnicity and retained T cell recognition. 
These molecules could represent a new tool in the devel- 
opment of a safer and more efficient therapy for Pj al- 
lergy. 
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Abstract A clone (P2) coding for an allergen of Parietaria 
judaica (Pj) pollen has been isolated and sequenced from a cDNA 
library in lambda ZAP using a pool of 23 sera from Pj-allergic 
patients. The clone contained an insert of 622 nucleotides with an 
open reading frame of 133 amino acids (aa) and a putative signal 
peptide of 31 aa giving a deduced mature processed protein of 
102 aa with a molecular mass of 11344 Da. The expressed 
recombinant protein, named rPar j 2.0101, was a major allergen 
since it reacted with IgE of 82% (23/28) of the sera of Pj-allergic 
subjects analyzed. It was shown to be a new allergen since (i) the 
amino acid sequence homology with the already reported 
recombinant allergen Par j 1.0101 was 45% and (ii) there was 
no cross-inhibition between rPar j 2.0101 and rPar j 1.0101. In 
addition, rPar j 2.0101 inhibited 35% of the specific IgE for 10- 
14 kDa native allergens and preincubation of sera from Pj- 
allergic patients with both rPar j 2.0101 and rPar j 1.0101 fully 
abolished the IgE recognition of the 10-14 kDa native allergen 
region, suggesting that these two allergens contributed to the 
region. 
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1. Introduction 

Parietaria judaica pollen is the main cause of allergy in the 
Mediterranean area and an epidemiological study carried out 
t<n allergic patients in Sicily showed that up to 50% reacted to 
Pj pollen extract [1,2], The allergenic molecules contained in 
tie pollen are usually a complex mixture of various proteins 
differing in either specific IgE binding or biochemical proper- 
ty. The Pj pollen extract contains at least nine allergens 
having different molecular weights and IgE-binding specificity. 
The molecular mass ranges between 10 and 80 kDa [1-5] and 
t ae allergens found on the 10-14 kDa region reacted with the 
IgE of 95% of the sera from Pj-allergic patients tested, sug- 
gesting that major allergens are present in this region [6]. In 
i rder to plan a diagnostic and therapeutic approach to the 
allergic reaction, a preliminary step is to purify and to char- 
iicterize each major allergen and a powerful tool towards this 
1 lrget is the molecular cloning of the allergens [7,8]. We have 
iilready cloned and characterized one of the major allergens of 

"Corresponding author. Fax: (39) (91) 616566S. 

Abbreviations: Pj, Parietaria judaica; IgE, immunoglobulin E; RAST, 
udioallergosorbent test; cDNA, DNA complementary to mRNA; 
1'CR, polymerase chain reaction. 

l iMBL data bank accession number P2:X95865. 



the P. judaica pollen that belongs to the 10-14 kDa region [9], 
Par j 1.0101, a protein of 139 amino acids and a predicted 
molecular mass of 14509 Da. In this paper, we report the 
cloning, sequence, expression and allergenic activity of a 
new major allergen of Pj pollen named Par j 10101 according 
to the suggested allergen nomenclature [10]. 

2. Materials and methods 

2.1. Total and poly (A) + RNA preparation 

Total and po!y(A) + RNA extracted from Pj flowers collected in 
Palermo, Italy, was prepared as described [9], 

2.2. cDNA library screening and cDNA sequencing 
Double-stranded cDNA was synthesized from mRNA by using 

oligo(dT) primers and cloned into the £coRI and Xhol sites of the 
lambda ZAP expression vector, according to the Stratagene cDNA 
cloning kit (Stratagene, USA). 

6X10 5 plaques were immunologically screened by using a pool of 
sera (n = 23) diluted 1 :5 in PBS-containing 0.25% BSA, obtained from 
patients allergic to Pj pollen. Positive clones were identified by using 
125 I-label!ed anti-human IgE. 

The nucleotide sequence of the cDNA insert was determined on 
both strands of the PBK-CMV plasmid vector by the dideoxy chain 
termination method using a Sequenase Kit (Amersham, USA). 

2.3. Cloning in pMALd 

The oligonucleotides were synthesized by Pharmacia Biotech. Pri- 
mers for PCR were (lower-case letters indicate the restriction enzyme 
cloning site; upper-case letters denote the coding sequence): (oligo 1) 
5' ccggaattcGAGGCTTGCGGGAAAGTGGTGCAGGAT 3' (oligo 
2) 5' gtgtctagaATAGTAACCTCTGAAAATAGTACTTTGG 3'. 1 ng 
of the P2 clone was subjected to 30 cycles of PCR under the following 
conditions: 94°C 30 s, 52°C 30 a, 72°C 30 s. 

The PCR product was fractionated on 1.8% agarose gel and after 
several steps of purification, digested with £coRI and Xbal restriction 
enzymes. The fragments were cloned in the Eco&llXbal sites of the 
pMALc2 vector (Biolabs, UK). Recombinant clones were sequenced 
using the dideoxynucleotide chain termination method. 

2.4. Preparation of the recombinant allergens 

The recombinant clones were grown to 0.5-0.6 OD 6 oo in LB broth 
and induced for 2 h with 0.3 mM isopropylthio-p-D-galactoside 
(IPTG). The cells were harvested by centrifugation (4000 rpm/20 
min) and stored frozen. After thawing, the pellet was dissolved in 
sodium phosphate buffer (10 mM Na phosphate, pH 7.2; 200 mM 
NaCl, 1 mM EDTA, 1 mM NaN 3 ) and lysed by sonication using a 
Heat-System-Ultrasonic, Inc/W-385. The cell debris was then removed 
by cenlrifugatton (9000 rpm/30 min) and the supernatant was diluted 
1 :20 with 10 mM EDTA and concentrated up to 2 mg/ml of total 
proteins by using a centriprep concentrator (Arnicon) with a molecu- 
lar mass cut-off of 1 0 kDa, The concentration of the recombinant 
allergens was detected by densitometry analysis of SDS-PAGE gels 
stained with Coomassie Brilliant Blue. 

2.5. Western blot analysis 

Protein samples were denatured under reducing conditions by boil- 
ing for S min in 50 mM Tris-HCl pH 6.8, 1% SDS, 2% p-mercap- 
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methanol, 0.01% bromophenol blue and separated by SDS-PAGE. 
The proteins were therefore electroblotted to Immobilon-P mem- 
branes (Millipore, USA) and then blocked for 3 h at room tempera- 
ture in PBS supplemented with 3% BSA, 0.5% Tween and 0.02% 
NaNj and washed three times with PBS containing 0.1% (v/v) of 
Tween 20. Inhibition was carried out by adding to the diluted serum 
pool increasing amounts of recombinant proteins for 3 h at room 
temperature. The filters were then incubated overnight at room tem- 
perature with the serum pool previously absorbed. After a washing 
s^ep, the filters were incubated for 1 h at room temperature with 
horseradish peroxidase (HRP)-conjugated rabbit anti-human IgE 
(Sigma, St. Louis, MO). The final reaction was developed with an 
1 CL detection system (Amersham, USA). The signal intensity was 
Measured by using a Biorad densitometer (mode! GS-670). 



Ten clones capable of interacting with human IgE were 
isolated after screening of a lambda ZAP cDNA library using 
i. pool of 23 sera of patients allergic to P. judaica pollen. 
Seven clones were still capable of binding human IgE after 
several steps of purification. The purified clones gave no IgE 
binding when tested with sera (n = 5) of subjects not allergic to 
}*j pollen. The sequence of the clones was then analyzed and 
une clone, named P2, was found to share an independent full- 
iongth cDNA. Sequence analysis of the P2 clone showed a 622 
nucleotide insert with an open reading frame of 399 bp termi- 
nating with a TAG stop codon (Fig. 1). The cDNA contained 
. 36 nucleotide leader sequence and 184 nucleotide untrans- 
1 ited region with a canonical polyadenylation site and poly(A) 
tail. The cDNA insert encoded a protein of 133 aa with a 
reduced molecular mass of 14105 Da. The hydrophobicity 
i irofile of the protein showed, in the amino-terminal region, 
. putative signal peptide of 31 aa specific for eukaryotic gly- 
i osylated proteins, giving a deduced mature processed protein 
>f 102 aa with a molecular mass of 11 344 Da. 

The recombinant allergenic protein named rPar j 2.0101 
showed an homology of 45% with the aa sequence of the 
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i ? ig. 3. Western blotting analysis. The recombinant allergen Par j 
"..0101 (1 ug/lane) was run on 10% SDS-PAGE and immunoblotted 
.is described in Section 2, Molecular mass markers (Biorad, USA) 
expressed in kDa are shown on the left. Lanes: 1, induced rPar j 
!.0101 incubated with a pool of sera from Pj-allergic patients; 2, in- 
duced rPar j 2.0101 incubated with a pool of sera from non-allergic 
■•ubjects; 3, non-induced rPar j 2.0101 incubated with a pool of sera 
from Pj-allergic patients; 4, induced pMAL-c2 incubated with a 
pool of sera from Pj-allergic patients. The pool of sera was diluted 
1:5 with PBS-0.25% BSA. Specific IgE binding was detected with 
!he HRP-conjugatcd anti-human IgE and ECL system. 
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Fig. 4. Slot-blot inhibition. The recombinant allergens Par j 2.0101 
and Parj 1.0101 were spotted (1 u.g/slot) on nitrocellulose. The pool 
of sera from Pj-allergic patients diluted 1:5 was preincubatcd for 3 h 
at room temperature, with increasing amounts of recombinant al- 
lergen (1, 10, 50 ug/ml). U: pool of sera diluted 1:5 and preincub- 
ated with buffer alone as a control. Specific IgE binding was de- 
tected as reported in Fig. 3. 

recombinant allergen Par j 1.0101 already reported [9] (Fig. 
2A). In addition, from amino acids E32 to G51, rPar j 2.0101 
showed significant homology (Fig. 2B) with the amino-term- 
inal region of two native isoallergens, Parj 1A and Parj IB, 
isolated by monoclonal antibody-based affinity chromatogra- 
phy and partially sequenced [5]. 

In order to achieve characterization at the molecular and 
immunological levels, the cDNA of the P2 clone after PCR 
was cloned without the putative signal peptide in the pMALc2 
expression vector, giving a fused protein with a molecular 
mass of approx. 53 kDa. rPar j 2.0101 expressed as a protein 
fused to maltose binding protein (MBP), was capable of bind- 
ing specifically the IgE from sera of patients allergic to P. 
judaica pollen, as shown by Western blot analysis (Fig. 3). 
The allergologic relevance of the recombinant Par j 2.0101 
was determined by slot-blot analysis [11] using single sera 
(k = 28) from patients allergic to Pj pollen with a high level 
(RAST class 4+) of specific IgE. 82% (23/28 sera) of the sera 
showed IgE capable of binding the recombinant allergen Par j 
2.0101, therefore, it can be classified as a major allergen (data 
not shown). 

In order to assess the allergenic cross-reactivity between the 
recombinant allergens Par j 2.0101 and Par j 1.0101, the pro- 
teins were spotted on nitrocellulose membranes and incubated 
with a pool of 23 sera from Pj-allergic patients. Preincubation 
of the serum pool with increasing amounts of rPar j 2.0101 or 
rPar j 1.0101 completely abolished specific IgE binding to the 
same allergen without interference with the other and the 
results demonstrated in Fig. 4 strongly suggested that the 
two allergens showed a different IgE epitope composition. 

The recombinant allergen Par j 2.0101 was capable of in- 
hibiting approx. 35% of specific IgE binding to the 10-14 kDa 
native allergens group (Fig. 5). When preincubation of the 
serum pool was performed with both the recombinant Par j 
2.0101 and Parj 1.0101, the binding of IgE to the 10-14 kDa 
native allergen region was totally inhibited, strongly suggest- 
ing that only those two allergens contributed to that region 
and that together they were capable of inhibiting the majority 
of the IgE specific for Pj allergens (Fig. 5). 

Several isoforms of the major allergen Par j 1.0101 have 
been isolated and characterized (manuscript in preparation), 
while work is actually in progress in order to isolate isoforms 
for Parj 2.0101 as well. 

Finally, a search made at the EM BL data bank showed that 
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Fig, 5. Western blotting inhibition. The Pj pollen crude extract (5 
ug/lane) was separated on 16% PAGE-SDS and immunoblotted as 
described in Section 2. Markers (Bio-Rad) expressed in kDa are 
shown on the left. Lanes: 1, serum pool preincubated with buffer 
alone as a control; 2, serum pool preincubated with 50 ug/ml of 
rPar j 2.0101 ; 3, serum pool preincubated with 50 ug/ml of rPar j 
1.0101; 4, scrum pool preincubated with 50 ug/ml of rPar j 
2.0101+rPar j 1.0101. The inhibition procedure and IgE binding de- 
tection were performed as described in Figs. 3 and 4. 

the recombinant allergen rPar j 2.0101 belongs to a family of 
protein referred to as non-specific lipid transfer protein (ns- 
LTPs) [12,13], These proteins constitute a broad family cap- 
able of transferring lipid molecules through membranes. 

In conclusion, in the present paper we have described the 
cloning and sequencing of a new allergen named Par j 2.0101. 
It is a major allergen since it was found to be capable of 
interacting with IgE of 82% of the Pj-allergic sera tested. 



Regarding the already cloned major Pj allergen rPar j 
1.0101, rPar j 2.0101 is a different allergenic protein for the 
reason that it showed a different amino acid sequence and 
because there was no evident competition between the two 
recombinant allergens. 
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